Abstract. To reduce active relays in peer-to-peer relay networks, a sparsity promoting penalty term is introduced into the objective function to obtain beamforming weights through minimization of the total relay transmit power while the signal-to-interference-plus-noise ratio (SINR) at the destinations are guaranteed to be above certain thresholds. To deal with the non-convexity of the problem, we use semidefinite relaxation to turn this problem into a semidefinite programming (SDP) problem. Then we can efficiently solve the SDP problem using interior point method based software tools. Simulation results show that the proposed method can efficiently conduct relay selection with a mild increase in minimum total transmit power of the relays compared with the traditional full cooperative relay network.
I. Introduction
To enhance the utilization of the wireless network resources, energy efficient designs that enable the communication of multiple source-destination pairs over a shared channel are demanded. As a result, cooperative relay has attracted much attention due to its capability of power saving, throughput improvement and coverage extension. In the multi-relay amplify-and-forward (AF) networks, the system performance can be improved by the cooperation of relays to assist the source-destination transmission [1] [2] [3] [4] [5] . Generally, using all relays in the cooperative transmission can achieve the best throughput performance for an AF relay network. However, the cost of such full cooperation can be large due to power consumption and signaling overhead. To tackle this problem, another way is partial cooperation by using only a subset of the relays to assist the source-destination transmission [6] [7] [8] [9] . In this paper, we consider the communication of multiple soure-destination pairs with the assistance of single-antenna relays. The joint problem of transmit beamforming and relay selection is considered. The goal is to obtain sparse beamforming weights through minimization of the total relay transmit power while satisfying the SINR requirements at the destinations. To deal with the non-convexity of the problem, we use semidefinite relaxation to turn this problem into a semidefinite programming (SDP) problem. Then we can efficiently solve the SDP problem using interior point method based software tools.
II. System model
We consider a wireless network in which communications between K source-destination pairs Fig .1 The system model of peer-to-peer relay network In the first stage, all sources transmit their messages to the relays simultaneously so that the received signal at relay node m R is
where k s denotes the data symbol transmitted by source node k S with { } 
where
In the second stage, m R forwards its received noisy signal weighted by a complex coefficient m w . The transmit signal vector from all the relays can be written as = t Wr (3) where 1 2 ( , , , )
 is a diagonal matrix. Therefore, the total transmit power of the relays is
where k v is the zero-mean complex Gaussian noise with variance 
where the notation  denotes the element-wise Hadamard product and [ ] kl ⋅ gives the ( , ) k l th element of a matrix.
III. Problem formulation and proposed method
In this section, the joint problem of transmit beamforming and relay selection is considered. We suppose only the best L relays are selected out of the M relays( L M ≤ ). The goal is to find the corresponding beamforming vector (13) is not a convex optimization problem in general. We thus resort to a semidefinite relaxation approach to solve a relaxed version of (13). Let us define H = X ww , the optimization problem in (13) is rewritten as min
Drop the rank constraint(which is not convex), we aim to solve the following optimization problem
(15) We see that the objective function and the first K constraints are all affine, and therefore, convex in X . Also, the positive semidefinite constraint on X is convex. As a result, the optimization problem (14) is convex and it can be efficiently solved using software tools such as SeDuMi. In general, the matrix opt X obtained from (15) is not necessarily of rank one. When the matrix rank is one, then its principal eigenvector is the optimal solution to the original problem. Otherwise, we have to use randomization technique to obtain a suboptimal rank-one solution from opt X [10] .
IV. Simulations
In this section, simulation results are presented to evaluate the effectiveness of the proposed approach. In all examples, the parameters are set as 2 K = and 20 M = . For convenience, the target SINRs are set to be the same, i.e., k
. We also assume that 1 
We plot the average total transmit power of the relays nodes against required target SINR in (15), this is the full cooperation case in reference [3] and all relays are active. The performance comparisons in Fig.2 show that the average total transmit power of the relays nodes of the proposed method is only slightly higher than that of the full cooperation method in reference [3] when the penalty parameter λ is set to 10 and 50, which verifies the effectiveness of the proposed method. Fig.2 Average total transmit power of the relays nodes versus γ Fig. 3 shows that more relays are involved in the cooperative transmission if the required target SINR γ increases, and larger λ refers to less active relays. From Fig.1 and Fig.2 , we can see that compared with the full cooperation case, there is only mild increase of the average total transmit power of the relays nodes(less than 1.5 dB ) using the proposed method. At the same time, the proposed method involves much less relay nodes. At 6 dB γ = and 10 λ = , the proposed method yields similar average total transmit power of the relays nodes while using only about 13 relays out of the total 20 relays. At 6 dB γ = and 50 λ = , the proposed method yields similar average total transmit power of the relays nodes while using only about 11 relays out of the total 20 relays. The reason behind is that because different communication links have different fading characteristics, not all relay nodes contribute to the improvement of system performance. By appropriately selecting relay nodes in beamforming we can produce similar system performance. Fig.3 Average number of active relays versus γ Therefore, we can conclude that the proposed method with reasonable λ can achieve similar minimum average total transmit power of the relays compared with the full cooperation case, but just use a subset of relays.
V. Conclusion
This paper addressed the joint problem of transmit beamforming and relay selection in multiple peer-to-peer networks. The simulation results showed that the proposed method can effectively balance the size of active relays and the total relay transmit power. The proposed approach can effectively perform relay selection while satisfying the target SINR constraints and has only a mild increase in the relay transmit power as compared to the full cooperation case.
